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The challenges with the molecular model of the multiquark systems are the identification of the
hadronic molecules and the interaction between two color neutral hadrons. We study the di-hadronic
molecular systems with proposed interaction potential as s-wave one boson exchange potential along
with Screen Yukawa-like potential, and arrived with the proposal that within hadronic molecule
the two color neutral hadrons experience the dipole-like interaction. The present study is the
continuation of our previous study [1]. With the proposed interaction potential, the mass spectra of
ΣsK
∗, ΣcK∗, ΣbK∗, ΣsD∗, ΣcD∗, ΣbD∗, ΣsB∗, ΣcB∗, ΣbB∗, ΞsK∗, ΞcK∗, ΞbK∗, ΞsD∗, ΞcD∗,
ΞbD
∗, ΞsB∗, ΞcB∗, ΞbB∗ meson-baryon molecules are predicted. The Weinberg compositeness
theorem which provides clue for the compositeness of the state is used for determination of the
scattering length and effective range. The present study predict Pc(4450) pentaquark sate as ΣcD
∗
molecule with I(JP ) = 1
2
( 3
2
−
). The formalism also predicts some very interesting open as well as
hidden flavour near threshold molecular pentaquark states.
I. INTRODUCTION
The multiquark states comes again in the focus of in-
terest, with the discovery of the two new observations
Pc(4380)
+ and Pc(4450)
+, reported by LHCb Collabo-
ration in 2015 [2]. Both of these states could be poten-
tial candidate of the pentaquark state. The subject of
the non conventional hadrons (exotic hadrons) has been
speculated since the beginning of the quark model [3, 4].
The idea of non conventional baryon composed of four
quark and an anti-quark was introduced in refs. [5, 6],
while the name pentaquark was devised by Lipkin [6].
The first claim of the pentaquark was in 2003 by LEPS
Collaboration, as a Θ+s state, with suggesting the mini-
mal quark content uudds, having the strangeness S=+1
[7]. After this claim, two other experimental groups DI-
ANA [8] and CLAS [9] were found positive signatures
for Θ+s . With following these positive motivation, charm
and bottom analogue of Θ+s were predicted as Θc and
Θb. Meanwhile in 2004, H1 collaboration at HERA re-
ported the observation of the Θc [10]. However, some
experiments reported negative results regarding the sta-
tus of Θ+s , Θc and Θb [11–15]. Even, some recent ex-
perimental efforts, such as E19 Collaboration at J-PARC
for the search of Θ+ [16] and ALICE collaboration for
the φ(1869) pentaquark [17], reported negative results.
Within this situation, LHCb in 2015 has boosted the in-
terest for the search of the multiquark states and their
studies by reported promising hidden charm pentaquark
states, named as Pc(4380)
+ with mass 4380±8±29 MeV
and width 205±18±86 MeV, respectively along with an-
other state Pc(4450)
+ with mass 4449.8± 1.7± 2.5 MeV
and a narrow width 39 ± 5 ± 19 MeV. The spin-parity
of these two states are 32 are
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2 with opposite party have
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been proposed [2]. The definite spin and parity for both
of these states has not yet been defined.
These controversial history regarding the search and
study of multiquark states, for instant pentaquark states,
made the subject more fascinating from both theoretical
and experimental point of view. Since various theoretical
efforts have been made to understand the properties of
these states, such as compact pentaquarks model [18–
21], meson-baryon molecules [22–26], topological soliton
model [27], kinematic rescattering effects [28–31], cups
like effect [], hadroquarkonia model [32] etc. One can find
some brief review articles on multiquark states including
pentaquarks in Refs. [33–36], for the review on hadronic
molecules, one should see ref. [37] and references therein.
These theoretical efforts suggested that the study of the
multiquark states required more attention to reveal the
information of their substructure and nature.
The present article focus on the molecular picture of
the pentaquark (meson-baryon bound states) states. The
work of this article is the continuation of our previous
study presented in ref. [1]. In [1], the results of the
dimesonic systems have been presented.
The aim of our study is to attempt two challenges
of the molecular model:(i) interaction between two
color neutral hadrons (ii) identification of the hadronic
molecules from confined states. The interaction between
tow color neutral states is largely unknown. The var-
ious interaction potentials have been used to explain
such hadronic molecular structure [38–43]. The hdronic
molecules should close to the s-wave. Therefore, we pro-
posed the interaction potential as s-wave One Boson Ex-
change Potential where the range of the force is propor-
tional to the inverse mass of the exchange mesons. We
notice that the s-wave OBE potential could not gain suf-
ficient attractive strength for bound state, thus, we have
added a screen Yukawa-like potential for additional at-
tractive strength. This additional potential is added with
a proposal that the two color neutral states experienced
dipole-like interaction. The potential parameters of the
s-wave OBE and screen Yukawa-like potential are fitted
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2to get experimental binding energy of the deuteron. The
screen parameter ’c’ of screen Yukawa-like potential is
the only free parameter of the model and only fitted for
deuteron, while it is taken as a fixed parameter for all di-
hadronic calculation. With this model, the results and
analysis of the meson-baryon molecular systems are pre-
sented in this article. The characteristic contributory
nature of the individual s-wave meson exchange and ef-
fective s-wave OBE potential are presented in result and
discussion section. The second prerequisite of hadronic
molecule model, identification of the hadronic molecule,
we have adopted the Weinberg’s compositeness theorem
and results of scattering length (as) and effective range
(re) are extracted for attempted meson-baryon molecular
states.
The article is organized as follows: after the brief in-
troduction, theoretical framework and the model is intro-
duce in the section-II, after that the results of the mass
spectra of meson-baryon molecular systems are presented
in section-III. The compositeness theorem and the results
of the scattering length and effective range for attempted
systems are presented in section-IV, finally the summary
and conclusion is presented in the last section-V.
II. THEORETICAL FRAMEWORK
The Hamiltonian of di-hadronic molecule is given by
H =
√
P 2 +m2d +
√
P 2 +m2b + Vhh(rdb) (1)
md and mb are the masses of constituents and P is the
relative momentum of two hadrons while the Vhh(rdb)
is the inter-hadronic interaction potential. In the vari-
ational scheme, we have used the hydrogenic trial wave
function to determine the expectation value of the Hamil-
tonian.
The di-hadronic interaction potential is given by
Vhh(rdb) = VOBE(rdb) + VY (rdb) (2)
the term VY (rdb) is screen Yukawa-like potential and
VOBE is the s-wave One Boson Exchange (OBE) poten-
tial.
The additional phenomenological screen Yukawa-like
potential is used along with s-wave OBE potential to get
sufficient attractive strength for bound state. For use of
such potential, we have taken an approximation that two
color neutral hadrons experienced the dipole-dipole like
interaction, where it could be either permanent dipole or
induced dipole in which the latter one is weakest. The
screen Yukawa-like potential expressed as
VY = −kmol
rdb
e
−c2r2db
2 (3)
here, c is a screen fitting parameter of the potential
while Kmol is the residual running coupling constant,
namely
kmol(M
2) =
4pi
(11− 23nf )lnM
2+MB2
Λ2Q
(4)
where M=2md mb/ (md+mb), md and mb are con-
stituent masses, MB=1 GeV, ΛQ is QCD scale param-
eter, respectively. The term nf is number of flavour
[44, 45]. This effective coupling constant has introduced
to incorporate the asymptotic behavior at short distance
as well as to reduce the free parameter of the model.
The light mesons under consideration for the OBE Po-
tential are as follows [38]:
Pseudoscalar meson (ps) = pi, η
Scalar meson (s) = σ, δ (also known as a0)
Vector meson (v) = ω, ρ.
The OBE potential is sum of the all one meson ex-
change, namely
VOBE = Vps + Vs + Vv (5)
The OBE potential with finite size effect due to extended
structure of the hadrons can be expressed as [38]
Vα(rdb) = Vα(mα, rdb)−Fα2Vα(Λα1, rdb)
+Fα1Vα(Λα2, rdb) (6)
where α = pi, η, σ, δ, ω and ρ mesons, while
Λα1 = Λα +  and Λα2 = Λα − 
Fα1 =
Λ2α1 −m2α
Λ2α2 − Λ2α1
and Fα2 =
Λ2α2 −m2α
Λ2α2 − Λ2α1
(7)
the subscript α tends for mesons (pi, η, σ, δ, ω and ρ)
/Λα  1, thus =10 MeV is an appropriate choice.
Hence, the individual meson exchange potential with fi-
nite size effect can be expressed as [38]
Vps(rdb)F=
1
12
[
g2piqq
4pi
{(mpi
m
)2 e−mpirdb
rdb
− (Fpi2)
(
Λpi1
m
)2
e−Λpi1rdb
rdb
+ (Fpi1)
(
Λpi2
m
)2
e−Λpi2rdb
rdb
}
(τd · τb)
+
g2ηqq
4pi
{(mη
m
)2 e−mηrdb
rdb
− (Fη2)
(
Λη1
m
)2
e−Λη1rdb
rdb
+ (Fη1)
(
Λη2
m
)2
e−Λη2rdb
rdb
}]
(σd · σb) (8)
3Vs(rdb)F= −
g2σqq
4pi
{
mσ
[
1− 1
4
(mσ
m
)2] e−mσrdb
mσrdb
− Fσ2Λσ1
[
1− 1
4
(
Λσ1
m
)2]
e−Λσ1rdb
Λσ1rdb
+ Fσ1Λσ2[
1− 1
4
(
Λσ2
m
)2]
e−Λσ2rdb
Λσ2rdb
}
+
g2δqq
4pi
{
mδ
[
1− 1
4
(mδ
m
)2] e−mδrdb
mδrdb
− Fδ2Λδ1
[
1− 1
4
(
Λδ1
m
)2]
(9)
e−Λδ1rdb
Λδ1rdb
+ Fδ1Λδ2
[
1− 1
4
(
Λδ2
m
)2]
e−Λδ2rdb
Λδ2rdb
}
(τd · τb)
Vv(rdb)F=
g2ωqq
4pi
{(
e−mωrdb
rdb
)
− Fω2
(
e−Λω1rdb
rdb
)
+ Fω1
(
e−Λω2rdb
rdb
)}
+
1
6
g2ρqq
4pi
1
m2
{(
e−mρrdb
rdb
)
− (10)
Fρ2
(
e−Λρ1rdb
rdb
)
+ Fρ1
(
e−Λρ2rdb
rdb
)}
(τd · τb) (σd · σb)
The net s-wave OBE potential with finite size effect can be expressed as
VOBE = Vps(rdb)F + Vs(rdb)F + Vv(rdb)F (11)
VOBE(rdb)F =
1
12
[
g2piqq
4pi
{(mpi
m
)2 e−mpirdb
rdb
− (Fpi2)
(
Λpi1
m
)2
e−Λpi1rdb
rdb
+ (Fpi1)
(
Λpi2
m
)2
e−Λpi2rdb
rdb
}
(τd · τb) +
g2ηqq
4pi
{(mη
m
)2 e−mηrdb
rdb
− (Fη2)
(
Λη1
m
)2
e−Λη1rdb
rdb
+ (Fη1)
(
Λη2
m
)2
e−Λη2rdb
rdb
}]
(σd · σb)−
g′2σqq
4pi
{
mσ
[
1− 1
4
(mσ
m
)2] e−mσrdb
mσrdb
− Fσ2Λσ1
[
1− 1
4
(
Λσ1
m
)2]
e−Λσ1rdb
Λσ1rdb
+ Fσ1Λσ2
[
1− 1
4
(
Λσ2
m
)2]
e−Λσ2rdb
Λσ2rdb
}
+
g2δqq
4pi
{
mδ
[
1− 1
4
(mδ
m
)2] e−mδrdb
mδrdb
−Fδ2Λδ1
[
1− 1
4
(
Λδ1
m
)2]
e−Λδ1rdb
Λδ1rdb
+ Fδ1Λδ2
[
1− 1
4
(
Λδ2
m
)2]
e−Λδ2rdb
Λδ2rdb
}
(τd · τb) +
g2ωqq
4pi
{(
e−mωrdb
rdb
)
− Fω2
(
e−Λω1rdb
rdb
)
+ Fω1
(
e−Λω2rdb
rdb
)}
+
1
6
g2ρqq
4pi
1
m2
{(
e−mρrdb
rdb
)
−Fρ2
(
e−Λρ1rdb
rdb
)
+ Fρ1
(
e−Λρ2rdb
rdb
)}
(τd · τb) (σd · σb) (12)
The overall contribution form OBE is very less due
to its delicate cancellation with each other. However,
two points should be noted on the overall contribution
(attraction/repulsion) of the OBE potential: (i) its con-
tribution is strongly related to the coupling constant of
the each individual meson exchange and (ii) it depends
on the spin-isospin channels.
The parameters of the model are as follows: (i) hadron
masses (ii) coupling constant of the exchange mesons (iii)
regularization parameter Λα (iv) residual running cou-
pling constant kmol (v) color screening parameter c.
The masses of the hadrons and exchange mesons are
taken from the PDG [47]. The coupling constant of
the exchange mesons and regularization parameter Λα
are obtained from refs.[38, 46, 48, 49], also tabulated in
Table-I. The estimates of the coupling constants of OBE
potential are given in the most of the realistic potentials
[38, 46, 48, 49] which were developed to reproduce NN-
phase shift data and to explain the deuteron properties.
Hence, we have taken them same as estimated in Refs.
[38, 46] and approximated the meson-hadron coupling
constant for other hadronic molecular cases as
gαhh ' gαNN (13)
where gαhh and gαNN are the meson-hadron and meson-
nucleon coupling constants, respectively. Thus, the
masses, exchange meson coupling constant and Λα are
the fixed parameters and obtained from Refs. [38, 46, 47],
also tabulated in Table-?? & I. Apart from these, the
residual running coupling constant kmol is calculated by
using Eq.(4), and calculated values for attempted di-
hadronic systems are tabulated in Table-II. The color
screening parameter ’c’ is the only free parameter of the
4TABLE I: OBE potential parameters, this parameters
are taken from [38, 46]
Mesons pi η σ a0(δ) ω ρ
g2αNN
4pi
13.6 3 7.7823 ∗ 2.6713 20 0.85
Λα 1.3 1.5 2.0 2.0 1.5 1.3
Mass (in MeV) 134.9 548.8 710 983 782.6 775.4
(∗The g
2
σNN
4pi
for the σ-exchange given in the table is used for total isospin
IT=1. Whereas for IT=0,
g2σNN
4pi
=16.2061 have been used.)
TABLE II: The threshold mass, reduced mass and
residual running coupling constant(kmol) of the
di-hadronic systems. In the calculation of the kmol the
ΛQ=0.150 GeV is taken while nf=2,3,4 is taken as per
involvement of the light quarks, charm quark and
bottom quark, respectively. Here, Σ∗ and Ξ∗ are
JP= 32
+
constituents.
System Threshold Reduce kmol
mass mass
GeV GeV
Σs K
∗ 2.088 0.511 0.2882
Σ∗s K
∗ 2.278 0.543 0.2841
Σc K
∗ 3.349 0.656 0.2911
Σ∗c K
∗ 3.414 0.660 0.2906
Σb K
∗ 6.708 0.776 0.3003
Σ∗b K
∗ 6.728 0.776 0.3002
Σs D
∗ 3.199 0.748 0.2809
Σ∗s D
∗ 3.389 0.818 0.2739
Σc D
∗ 4.460 1.103 0.2509
Σ∗c D
∗ 4.525 1.116 0.2500
Σb D
∗ 7.819 1.491 0.2477
Σ∗b D
∗ 7.839 1.493 0.2476
Σs B
∗ 6.517 0.974 0.2812
Σ∗s B
∗ 6.708 1.097 0.2714
Σc B
∗ 7.778 1.679 0.2392
Σ∗c B
∗ 7.844 1.709 0.2380
Σb B
∗ 11.138 2.779 0.2078
Σ∗b B
∗ 11.157 2.783 0.2077
System Threshold Reduce kmol
mass mass
GeV GeV
Ξs K
∗ 2.210 0.532 0.2855
Ξ∗s K
∗ 2.427 0.565 0.2815
Ξc K
∗ 3.366 0.657 0.2909
Ξ∗c K
∗ 3.541 0.669 0.2896
Ξb K
∗ 6.683 0.775 0.3003
Ξs D
∗ 3.321 0.794 0.2762
Ξ∗s D
∗ 3.538 0.868 0.2692
Ξc D
∗ 4.477 1.107 0.2506
Ξ∗c D
∗ 4.652 1.141 0.2484
Ξb D
∗ 7.794 1.49 0.2478
Ξs B
∗ 6.64 1.054 0.2747
Ξ∗s B
∗ 6.857 1.189 0.2649
Ξc B
∗ 7.796 1.687 0.2389
Ξ∗c B
∗ 7.971 1.767 0.2357
Ξb B
∗ 11.113 2.773 0.2079
model and we fitted it to get the empirical value of bind-
ing energy of the deuteron. For c=0.0686 GeV, we ob-
tained the binding energy of the deuteron. Hence, we
took it as a constant and have not changed for any fur-
ther calculations of the di-hadronic molecules.
In Fig.-1 the characteristic nature of the one meson ex-
change of OBE potential and in Fig-3 net OBE, Yukawa
screen like and effective potential are shown. We can
see from the Fig-1(a) &(b) that the all individual me-
son exchange diminish exponentially at large distance, in
which the pion exchange which is being the lightest me-
TABLE III: Mass spectra of proton-neutron (deuteron)
and neutron-neutron bound system.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV MeV fm
[ 1
2
( 1
2
+
)]+-[ 1
2
( 1
2
+
)]0 p− n 0(1+) 0.1090 -2.2211 1.875 03.13
[ 1
2
( 1
2
+
)]0-[ 1
2
( 1
2
+
)]0 n− n 1(0+) 0.1004 +0.9528 1.880 03.40
FIG. 1: The characteristic nature of the s-wave one
meson exchange potential (a) in case of proton-neutron
(deuteron) system (b) in case of neutron-neutron system
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FIG. 2: The characteristic nature of the net s-wave One
Boson Exchange (OBE) potential (a) in case of p-n
(deuteron) system (b) in case of neutron-neutron system
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FIG. 3: The characteristic nature of the s-wave OBE
potential, screen Yukawa-like potential and net effective
potential (a) in case of p-n (deuteron) system (b) in
case of neutron-neutron system
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son exchange in OBE, contribute up to far distance while
the sigma exchange contribute up to mid-range and other
5FIG. 4: The characteristic nature of the s-wave OBE potential for the case of ΣcD
∗ and Σ∗cD
∗, for all possible
spin-isospin channels
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FIG. 5: The characteristic nature of the s-wave OBE potential for the case of ΞcD
∗ and Ξ∗cD
∗, for all possible
spin-isospin channels
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meson effectively contribute at short range. In the case of
deuteron, from Fig-1(a), we can see that the pion, sigma
and rho meson exchanges are attractive while eta, a0 (or
δ) and omega exchanges are repulsive. The net effective
contribution of the s-wave OBE potential is shown in Fig-
2. From Fig-2, we can see that in the case of p-n bound
state the net effective s-wave OBE potential is very shal-
low attractive near 3 fm to 6 fm while the potential is
repulsive in case of neutron-neutron system. The over-
all contributory nature of s-wave OBE potential along
with screen Yukawa-like and net effective potential can
be seen in the Fig-3(a) (b). Fig-3(a) shows very shallow
attractive strength at large distance while the net effec-
tive potential shows attractive strength near 4 fm due to
influence of the attractive Yukawa-like screen potential.
Similarly, Fig-1(b) shows the meson exchange behavior
in the case of the n-n system. In general, the attractive
and repulsiveness of the s-wave one meson exchange po-
tentials are depends on their isospin-spin channels. We
can see from Fig-3(b) that the net OBE potential is re-
pulsive at short distance and exponentially diminish at
long range. Even, under the influence of the attractive
Yukawa-like potential, the net effective potential get al-
most zero strength or just above the zero, while it is
repulsive at short range. As a result, the Fig-3(b) shows
that the resultant potential leads n-n systems unbound.
In the Table-III, the binding energy of the pn
(deuteron) and nn bound states are tabulated by using
c=0.0686 GeV with other fixed parameters which are al-
ready discussed in above section. The calculated bind-
ing energy is in agreement with experimental value 2.224
MeV whereas the obtained mean square root radius is
nearly about 3 fm while the expected is near 2.1 fm.
III. MASS SPECTRA OF MESON-BARYON
SYSTEMS
We have calculated the mass spectra of the Σs,c,bK
∗,
Σs,c,bD
∗, Σs,c,bB∗, Ξs,c,bK∗, Ξs,c,bD∗ and Ξs,c,bB∗ sys-
6tems. The graphs of potential strength verse range for
individual meson exchange, net OBE potential, screen
Yukawa-like potential and net effective potential are plot-
ted, and are shown in Fig-4 to 7. To understand the be-
havior of the potentials incorporated in this work with
different spin-isospin channels for attempted di-hadronic
systems, we present the analysis graphs for one exam-
ple systems (ΣcD
∗ and Σ∗cD
∗). The plots for individ-
ual meson exchange and comparative plots of net s-wave
OBE, Yukawa-like potential and net effective potentials
are shown in Fig- 6 and 7, and presented in appendix.
Fig-4 shows the contributory nature of the effective
s-wave OBE potential in all possible spin-isospin chan-
nels for ΣcD
∗ and Σ∗cD
∗ systems, while Fig-5 present
the ΞcD
∗ and Ξ∗cD
∗ systems. We can see from the
Fig-4, the spin-isospin channel (S,I) = (5/2, 1/2), (3/2,
1/2) and (1/2, 3/2) gets attractive strength near 4-6 fm.
Among these three channels, the channel (S,I) = (5/2,
1/2) seems strongest attractive channel. Whereas, the
Fig-5 shows that the spin-isospin channel (S,I) = (3/2, 0)
and (5/2, 0) channels are attractive. Indeed, with s-wave
OBE interaction, all theses attractive channels provides
the probabilities to get bound states with these specific
spin-isospin combination, provided that these attractive
strength should strong enough to overcome kinetic energy
repulsion. In the present study, to get bound state of the
proton-neutron (deuteron) system, the s-wave OBE po-
tential do not get sufficient attractive strength, hence, we
need some additional attractive strength to get bound
state. Thus, we have incorporated screen Yukawa-like
potential along with s-wave OBE potential. All the po-
tential parameters are tuned for deuteron experimental
value of binding energy and taken same for all other cal-
culations. The interesting graphs of one meson exchange
potential and comparative plots of screen Yukawa-like
potential, net s-wave OBE potential and total effective
potential are presented in the appendix.
Σs,c,b −K∗, Σs,c,b −D∗ and Σs,c,b −B∗ :-
The bound states of the di-hadronic systems with a
baryon Σ and a mesons K∗, D∗ and B∗ are calculated,
and the results are tabulated in the Table-IV, V and VI.
The strength and contribution of the s-wave OBE po-
tential is the delicate cancellation of the individual me-
son exchange, hence, the Yukawa-like screen potential
shows large impact on the net effective interaction po-
tential, where this potential is sensitive to the param-
eter c (which is fixed at c=0.0686 GeV) and the value
of residual coupling constant kmol (which is tabulated
in Table-II). Thus, the results are found sensitive to the
Yukawa-like screen potential.
The bound states of Σs,c,b −K∗ are found in (I,S) =
(1/2, 3/2), (1/2, 5/2) and (3/2, 1/2) channels. In the
relatively heavier system Σc,b − K∗, the channels (3/2,
3/2) and (3/2, 5/2) are also found bound, even, in the
Σb−K∗ system the channel (1/2, 1/2) is obtained bound
TABLE IV: Mass spectra of meson-baryon (Σs,c,b −K∗)
(molecular pentaquark) molecules. Masses of the meson
and baryon are taken from PDG [47] which are also
listed in Table-??. Here, µ is variational parameter. I
(isospin), G (G-parity), J (total angular momentum), Q
(charge) and P (parity) are quantum numbers of the
respective meson and baryon.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV MeV fm
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σs −K∗
1
2
( 1
2
−
) 0.0071 +0.0038 2.088 47.48
3
2
( 1
2
−
) 0.0572 -0.3704 2.088 05.97
1
2
( 3
2
−
) 0.0767 -0.9909 2.087 04.45
3
2
( 3
2
−
) 0.1077 -1.5888 2.086 03.17
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σs −K∗
1
2
( 1
2
−
) 0.0066 +0.0029 2.278 52.01
3
2
( 1
2
−
) 0.0466 -0.2289 2.278 07.33
1
2
( 5
2
−
) 0.0555 -0.4650 2.278 06.16
3
2
( 5
2
−
) 0.0072 +0.0033 2.278 47.47
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σc −K∗
1
2
( 1
2
−
) 0.0039 +0.0007 3.349 86.62
3
2
( 1
2
−
) 0.0781 -1.0945 3.348 04.37
1
2
( 3
2
−
) 0.1059 -2.5205 3.347 03.22
3
2
( 3
2
−
) 0.1003 -1.8426 3.347 03.40
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σc −K∗
1
2
( 1
2
−
) 0.0039 +0.0007 3.414 85.76
3
2
( 1
2
−
) 0.0666 -0.7637 3.413 05.13
1
2
( 5
2
−
) 0.0819 -1.4690 3.412 04.17
3
2
( 5
2
−
) 0.1349 -3.0589 3.411 02.53
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σb −K∗
1
2
( 1
2
−
) 0.1666 -6.2422 6.702 02.05
3
2
( 1
2
−
) 0.0939 -1.8751 6.707 03.64
1
2
( 3
2
−
) 0.1309 -4.2306 6.704 02.61
3
2
( 3
2
−
) 0.1003 -2.1359 6.706 03.40
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σb −K∗
1
2
( 1
2
−
) 0.0026 +0.0002 6.727 130.6
3
2
( 1
2
−
) 0.0886 -1.6678 6.726 03.85
1
2
( 5
2
−
) 0.1176 -3.4806 6.724 02.90
3
2
( 5
2
−
) 0.1054 -2.3474 6.725 03.24
state. The binding energy are appeared in the range
from 0.2 MeV to 6 MeV. In the Σs,c − D∗ systems all
isospin-spin channels are emerged as bound state except
(I,S)=(1/2, 1/2) channel, whereas in the Σb−D∗ systems
all channel are found bound. In the case of the Σs,c,b −
D∗ systems, the binding energy are appeared around 0.7
MeV to 7 MeV. On the other hand, the relatively heavier
systems Σs,c,b−B∗, all isospin-spin channels are appeared
as a bound state and the binding energy are found nearly
about 0.8 MeV to 7 MeV.
The meson-baryon molecular systems have also been
studied by others [22–26, 50]. In Ref. [22], authors
were predicted the bound states of molecular pentaquark
within one pion exchange framework for possible (I, JP )
combination. For set of values of regularization param-
eter, they were found binding energy between 1 MeV
to 9 MeV. Our results are in agreement with results
of Ref. [22]. In Ref.[23], within one boson exchange
scheme, the strange hidden-charm pentaquarks was in-
7TABLE V: Mass spectra of meson-baryon (molecular
pentaquark) (Σs,c,b −D∗) molecules. Masses of the
meson and baryon are taken from PDG [47] which are
also listed in Table-??. Here, µ is variational parameter.
I (isospin), G (G-parity), J (total angular momentum),
Q (charge) and P (parity) are quantum numbers of the
respective meson and baryon.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV GeV fm
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σs −D∗
1
2
( 1
2
−
) 0.0031 +0.0003 3.1996 110.1
3
2
( 1
2
−
) 0.0779 -1.1139 3.198 04.38
1
2
( 3
2
−
) 0.1059 -2.5417 3.197 03.22
3
2
( 3
2
−
) 0.1034 -1.9756 3.197 03.30
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σs −D∗
1
2
( 1
2
−
) 0.0027 +0.0002 3.389 126.2
3
2
( 1
2
−
) 0.0669 -0.7939 3.388 05.11
1
2
( 5
2
−
) 0.0823 -1.5068 3.388 04.15
3
2
( 5
2
−
) 0.1434 -3.3415 3.386 02.38
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σc −D∗
1
2
( 1
2
−
) 0.0015 +0.0000 4.460 221.1
3
2
( 1
2
−
) 0.0816 -1.1805 4.459 04.18
1
2
( 3
2
−
) 0.1149 -2.8497 4.457 02.97
3
2
( 3
2
−
) 0.0948 -1.5949 4.459 03.60
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σc −D∗
1
2
( 1
2
−
) 0.0015 +0.0000 4.525 221.4
3
2
( 1
2
−
) 0.0729 -0.9285 4.524 04.68
1
2
( 5
2
−
) 0.0945 -1.9401 4.523 03.61
3
2
( 5
2
−
) 0.1078 -2.0183 4.523 03.16
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σb −D∗
1
2
( 1
2
−
) 0.1530 -4.7770 7.8152 02.23
3
2
( 1
2
−
) 0.1044 -1.2479 7.8187 03.27
1
2
( 3
2
−
) 0.1275 -3.5372 7.8164 02.68
3
2
( 3
2
−
) 0.0928 -1.5886 7.8183 03.68
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σb −D∗
1
2
( 1
2
−
) 0.2285 -7.7376 7.831 01.49
3
2
( 1
2
−
) 0.0844 -1.3127 7.837 04.05
1
2
( 5
2
−
) 0.1167 -3.0135 7.836 02.92
3
2
( 5
2
−
) 0.0963 -1.7036 7.837 03.54
vestigated and the binding energy of bound states were
predicted about 0.5 MeV to 15 MeV. Jia-Jun Wu et. al.
[50] predicted relatively narrow and dynamically gener-
ated meson-baryon resonance near 4.3 GeV within the
coupled-channel unitary approach with the local hidden
gauge formalism. Jia-Jun Wu et. al. [50] studied the
coupled channel interaction of DΣc−DΛc, D∗Σc−D∗Λc
channels. We have not attempted the channel coupling
in the present study. However, we obtained bound states
near 4.46 GeV and 4.52 GeV in ΣcD
∗ and Σ∗cD
∗ system,
respectively. Whereas, the bound states are appeared
near 4.47 GeV and 4.66 GeV in ΞcD
∗ and Ξ∗cD
∗. Aziz
et. al. [25] studied Pc(4380) and Pc(4450) states as pen-
taquark states in the molecular picture with QCD sum
rules, moreover, they have predicted hidden bottom pen-
taquark states in [24] as possible partner of these states.
These two new states as Pc(4380) and Pc(4450) with the
preferred JP assignments are of opposite parity, with
one state having spin 32 and the other
5
2 , were reported
TABLE VI: Mass spectra of meson-baryon (molecular
pentaquark) (Σs,c,b −B∗) molecules. Masses of the
meson and baryon are taken from PDG [47] which are
also listed in Table-??. Here, µ is variational parameter.
I (isospin), G (G-parity), J (total angular momentum),
Q (charge) and P (parity) are quantum numbers of the
respective meson and baryon.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV MeV fm
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σs −B∗
1
2
( 1
2
−
) 0.1717 -6.3149 6.511 01.99
3
2
( 1
2
−
) 0.0927 -1.7796 6.516 03.68
1
2
( 3
2
−
) 0.1306 -4.0935 6.513 02.61
3
2
( 3
2
−
) 0.0996 -2.0467 6.515 03.43
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σs −B∗
1
2
( 1
2
−
) 0.0014 +0.0000 6.707 242.4
3
2
( 1
2
−
) 0.0871 -1.5525 6.706 03.92
1
2
( 5
2
−
) 0.1169 -3.3143 6.704 02.92
3
2
( 5
2
−
) 0.1043 -2.2036 6.705 03.27
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σc −B∗
1
2
( 1
2
−
) 0.1507 -4.4956 7.774 02.26
3
2
( 1
2
−
) 0.0863 -1.3202 7.777 03.96
1
2
( 3
2
−
) 0.1253 -3.3102 7.775 02.72
3
2
( 3
2
−
) 0.0908 -1.4599 7.777 03.76
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σc −B∗
1
2
( 1
2
−
) 0.2219 -7.1896 7.8368 01.53
3
2
( 1
2
−
) 0.0822 -1.1899 7.842 04.15
1
2
( 5
2
−
) 0.1144 -2.7919 7.841 02.98
3
2
( 5
2
−
) 0.0938 -1.5453 7.842 03.64
[1( 1
2
+
)]0-[ 1
2
(1−)]0 Σb −B∗
1
2
( 1
2
−
) 0.1279 -2.9231 11.135 02.67
3
2
( 1
2
−
) 0.0786 -0.9082 11.137 04.34
1
2
( 3
2
−
) 0.1177 -2.5259 11.135 02.90
3
2
( 3
2
−
) 0.0805 -0.9545 11.137 04.24
[1( 3
2
+
)]0-[ 1
2
(1−)]0 Σb −B∗
1
2
( 1
2
−
) 0.1418 -3.4602 11.153 02.41
3
2
( 1
2
−
) 0.0768 -0.8649 11.156 04.45
1
2
( 5
2
−
) 0.1122 -2.3129 11.154 03.04
3
2
( 5
2
−
) 0.0819 -0.9863 11.156 04.17
in 2015 by LHCb-collaboration [2]. In the present for-
malism Pc(4450) is identified as Σc −D∗ molecular pen-
taquark with (I,S)=( 12 ,
3
2 ) with negative parity whereas
the Pc(4380) is not predicted within present study. The
threshold of the Σc−D∗ is 4460.72 MeV, if Pc(4450) with
mass 4449.8 ± 1.7 MeV and width 39 ± 5 ± 8 MeV is a
Σc − D∗ bound state molecule then it required binding
energy approximately 10.92 MeV below the threshold.
On the other hand, Pc(4380) is required deep binding of
approximately 80 MeV for molecular structure. Hence,
Pc(4450) is naturally look like loosely bound molecular
candidate while Pc(4380) with deep binding and large
width is very unlikely to be molecular nature. The
present formalism predict Pc(4450) as a Σc −D∗ bound
state with I(JP ) = 12 (
3
2
−
).
8TABLE VII: Mass spectra of meson-baryon (molecular
pentaquark) Ξs,c,b −K∗ molecules. Masses of the meson
and baryon are taken from PDG [47] which are also
listed in Table-??. Here, µ is variational parameter. I
(isospin), G (G-parity), J (total angular momentum), Q
(charge) and P (parity) are quantum numbers of the
respective meson and baryon.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV MeV fm
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξs −K∗
0( 1
2
−
) 0.0063 +0.0027 2.210 54.54
1( 1
2
−
) 0.0596 -0.3899 2.210 05.73
0( 3
2
−
) 0.0994 -1.9759 2.208 03.43
1( 3
2
−
) 0.0764 -0.7226 2.210 04.47
[ 1
2
( 3
2
+
)]0-[ 1
2
(1−)]0 Ξs −K∗
0( 1
2
−
) 0.0057 +0.0019 2.427 59.95
1( 1
2
−
) 0.0535 -0.3139 2.427 06.39
0( 5
2
−
) 0.0732 -1.0271 2.426 04.66
1( 5
2
−
) 0.0947 -1.2009 2.426 03.60
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξc −K∗
0( 1
2
−
) 0.0038 +0.0006 3.366 90.93
1( 1
2
−
) 0.0737 -0.8884 3.365 04.63
0( 3
2
−
) 0.1306 -4.0298 3.362 02.61
1( 3
2
−
) 0.0824 -1.1341 3.365 04.14
[ 1
2
( 3
2
+
)]0-[ 1
2
(1−)]0 Ξc −K∗
0( 1
2
−
) 0.0037 +0.0006 3.550 92.80
1( 1
2
−
) 0.0683 -0.7507 3.550 05.00
0( 5
2
−
) 0.1027 -2.5459 3.548 03.32
1( 5
2
−
) 0.0891 -1.3392 3.549 03.83
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξb −K∗
0( 1
2
−
) 0.2133 -9.5451 6.674 01.60
1( 1
2
−
) 0.0843 -1.3986 6.682 04.05
0( 3
2
−
) 0.1608 -6.4365 6.677 02.12
1( 3
2
−
) 0.0868 -1.4863 6.682 03.93
Ξs,c,b −K∗, Ξs,c,b −D∗ and Ξs,c,b −B∗ :-
The bound states of the di-hadronic systems with a
Baryon Ξ and a mesons K∗, D∗ and B∗ are calculated,
and the results are tabulated in the Table-VII,VIII and
IX. The bound states of Ξs,c,b−K∗ are appeared in (I,S)
= (0, 3/2), (0, 5/2), (1, 5/2), (1, 3/2), (1, 1/2) chan-
nels. While, the (0, 1/2) channel obtained as a bound
state only for Ξb −K∗ system. The binding energies are
appeared around 0.3 MeV to 9 MeV. Similarly, for the
Ξs,c,b−D∗ systems, the (0, 1/2) channel is bound in only
for Ξb − D∗ case, whereas all other channels are found
bound state in all cases. The binding energy are found
about 0.7 MeV to 7 MeV. In the case of relatively heav-
ier system Ξs,c,b −B∗, the (I,S)=(0, 1/2) is unbound for
Ξ∗s,c − B∗ systems, whereas, all other isospin-spin chan-
nels are found bound states in the Ξs,c,b − B∗ systems.
The binding energies are appeared around 0.6 MeV to
9 MeV. Rui-Chen et. al.[23] have investigated strange
hidden-charm pentaquarks states within one boson ex-
change scheme, and predicted Ξ
′
cD
∗
state with I(JP ) =
0( 12
−
) and Ξ∗cD
∗
state with 0( 12
−
) and 0( 32
−
). They have
TABLE VIII: Mass spectra of meson-baryon (molecular
pentaquark) Ξs,c,b −D∗ molecules. Masses of the meson
and baryon are taken from PDG [47] which are also
listed in Table-??. Here, µ is variational parameter. I
(isospin), G (G-parity), J (total angular momentum), Q
(charge) and P (parity) are quantum numbers of the
respective meson and baryon.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV MeV fm
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξs −D∗
0( 1
2
−
) 0.0027 +0.0002 3.321 128.7
1( 1
2
−
) 0.0744 -0.9313 3.320 04.59
0( 3
2
−
) 0.1333 -4.1971 3.317 02.56
1( 3
2
−
) 0.0837 -1.1954 3.320 04.08
[ 1
2
( 3
2
+
)]0-[ 1
2
(1−)]0 Ξs −D∗
0( 1
2
−
) 0.0023 +0.0001 3.538 148.4
1( 1
2
−
) 0.0685 -0.7754 3.537 04.98
0( 5
2
−
) 0.1038 -2.6032 3.536 03.29
1( 5
2
−
) 0.0903 -1.3857 3.537 03.78
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξc −D∗
0( 1
2
−
) 0.0015 +0.0000 4.477 232.8
1( 1
2
−
) 0.0744 -0.8932 4.476 04.59
0( 3
2
−
) 0.1438 -4.5849 4.473 02.37
1( 3
2
−
) 0.0795 -1.0254 4.476 04.30
[ 1
2
( 3
2
+
)]0-[ 1
2
(1−)]0 Ξc −D∗
0( 1
2
−
) 0.0014 +0.0000 4.661 242.9
1( 1
2
−
) 0.0703 -0.7859 4.661 04.85
0( 5
2
−
) 0.1182 -3.2173 4.658 02.89
1( 5
2
−
) 0.0826 -1.0998 4.660 04.13
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξb −D∗
0( 1
2
−
) 0.1989 -7.6632 7.787 01.71
1( 1
2
−
) 0.0781 -1.0319 7.793 04.37
0( 3
2
−
) 0.1599 -5.6126 7.789 02.13
1( 3
2
−
) 0.0798 -1.0799 7.793 04.28
predicted binding energies in the range from 0.5 to 15
MeV. Our results of binding energies for these isospin-
spin channels are in agreement with reported in Ref. [23].
These results are shown very interesting near threshold
bound states possibilities.
IV. RESULTS OF as AND re FROM
COMPOSITENESS THEOREM
In the Sixties, Weinberg [51] suggested in a sophisti-
cated way that the deuteron were a composite particle.
In his novel work, he tried to show an elegant model-
independent way to identify whether a particle is in a
bare elementary state or in a composite state. The con-
clusion was based on a generalization of Levinson’s the-
orem which gives the formulas for scattering length as
and effective range re in terms of Z, where Z is the “field
renormalization” constant [51],
as = [2(1− Z)/(2− Z)]R+O(1/β)
re = [−Z/(1− Z)]R+O(1/β) (14)
9TABLE IX: Mass spectra of meson-baryon (molecular
pentaquark) Ξs,c,b −B∗ molecules. Masses of the meson
and baryon are taken from PDG [47] which are also
listed in Table-??. Here, µ is variational parameter. I
(isospin), G (G-parity), J (total angular momentum), Q
(charge) and P (parity) are quantum numbers of the
respective meson and baryon.
[I1(J
P1
1 )]
Q1 - [I2(J
P2
2 )]
Q2 System I(JP ) µ B.E. Mass
√
r2
GeV MeV MeV fm
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξs −B∗
0( 1
2
−
) 0.2238 -9.6429 6.630 01.52
1( 1
2
−
) 0.0824 -1.2782 6.638 04.14
0( 3
2
−
) 0.1619 -6.2356 6.633 02.10
1( 3
2
−
) 0.0849 -1.3602 6.638 04.02
[ 1
2
( 3
2
+
)]0-[ 1
2
(1−)]0 Ξs −B∗
0( 1
2
−
) 0.0012 +0.0000 6.857 287.6
1( 1
2
−
) 0.0789 -1.1323 6.855 04.33
0( 5
2
−
) 0.1434 -4.9749 6.852 02.38
1( 5
2
−
) 0.0851 -1.3221 6.855 04.01
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξc −B∗
0( 1
2
−
) 0.1959 -7.2349 7.788 01.74
1( 1
2
−
) 0.0759 -0.9353 7.795 04.49
0( 3
2
−
) 0.1574 -5.2851 7.790 02.17
1( 3
2
−
) 0.0777 -0.9789 7.795 04.39
[ 1
2
( 3
2
+
)]0-[ 1
2
(1−)]0 Ξc −B∗
0( 1
2
−
) 0.0006 +2.3× 10−6 7.980 569.9
1( 1
2
−
) 0.0738 -0.8626 7.979 04.63
0( 5
2
−
) 0.1425 -4.4301 7.975 02.39
1( 5
2
−
) 0.0779 -0.9682 7.979 04.38
[ 1
2
( 1
2
+
)]0-[ 1
2
(1−)]0 Ξb −B∗
0( 1
2
−
) 0.1641 -4.8455 11.108 02.08
1( 1
2
−
) 0.0681 -0.6105 11.112 05.02
0( 3
2
−
) 0.1492 -4.1776 11.109 02.29
1( 3
2
−
) 0.0688 -0.6244 11.112 04.96
where R is the size of the molecular or composite state
and is determined by R ≡ 1√
2µ
, here,  is the binding
energy and µ is the reduced mass of the composite system
(note that we chose binding energy  positive for Eq.(14),
the bound state is located at  = -). The O(1/β) is the
range correction and β is the inverse range of the force
and could be calculated if one know the information of
the interaction and it is expected to be of the order of
magnitude of the inverse of the mass of the exchange
particle, in some extent, it is expected to be m−1pi ' 1.41
fm. In order to determine the state of the particle as
in a bare elementary or in a composite state, Weinberg
argued that the renormalization constant Z take the value
0 ≤ Z ≤ 1. If Z=0 then the particle is in a pure composite
state while for Z=1 it becomes a purely elementary.
for Z=0 (deuteron as a composite particle), Eq(1) be-
comes as = R and re = O(1/β) which is in agreement
with the experimental vales : as = +5.41 fm, re = +1.75
fm. for deuteron binding energy  = 2.22457MeV ⇒√
2µ = 45.7MeV = 0.23 fm−1. In contrast, if the
deuteron has a significant probability Z (> 0.2) of being
found in an elementary (confined) state then as would be
less than R, and re would be large and negative which
would be in contradict with experimental values.
The results of the scattering length (as) and effective
range (re) are obtained by using Eq(14).The results of as
and re for meson-baryon systems, by using the calculated
binding energy are shown in the Table-X.
The state Pc(4450) for which the calculated binding
energy is underestimated about few MeV, while with the
expected binding energy (10.92 MeV) the effective range
gain negative value from Z=0.6. The expected binding
energy is almost close to its natural energy scale which is
about 9 MeV if it has ΣcD
∗ in its substructure. The large
scattering length and positive re for Z→0 and binding
energy near to expected natural energy scale for Pc(4450)
are indicating molecular structure of the state.
V. DISCUSSION AND SUMMARY
In this chapter, we have used the s-wave One Boson
Exchange (OBE) potential. We have discussed the char-
acteristic contribution of the individual s-wave one meson
exchange potential to the net s-wave OBE potential in re-
spective isospin-spin channels. The strength and contri-
bution of the s-wave OBE potential is the delicate can-
cellation of the individual meson exchange, hence, the
Yukawa-like screen potential shows large impact on the
net effective interaction potential, where this potential is
sensitive to the parameter c (which is fixed at c=0.0686
GeV) and the value of residual coupling constant kmol.
Thus, the results are found sensitive to the Yukawa-
like screen potential. We have proposed this additional
Yukawa-like screen potential to get additional attractive
strength with approximation that the two hadrons are
experienced the dipole-like interaction.
With the effective interaction potential, we are able
to calculate the mass spectra of meson-baryon and
di-baryon (antibaryon) molecular states. The ob-
tained results have predicted some interesting molec-
ular pentaquark and hexaquark states with open
as well as hidden flavour (strange, charm, bot-
tom), such as Σs,c,bK
∗, Σs,c,bD∗, Σs,c,bB∗, Ξs,c,bK∗,
Ξs,c,bD
∗, Ξs,c,bB∗, Σs,c,bΣs,c,b, Σs,c,bΣs,c,b, Ξs,c,bΞs,c,b
and Ξs,c,bΞs,c,b. The calculated results have compared
with work of others. We have predicted some interesting
near threshold and shallow bound states. The recently
observed state Pc(4450) which is supposed to have mini-
mum five quarks in its internal structure is identified as
a bound ΣcD
∗ state with I(JP ) = 12 (
3
2
−
). This state
Pc(4450) together with Pc(4380) were reported by LHCb
collaboration in 2015 [2]. The entire mass spectra pre-
sented in this paper have provided the possibilities of
resonance like structure, either just above the threshold
or bound state (just below the threshold) and provides
the reference for searches of such molecular structures in
future experiments.
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TABLE X: The scattering length as and effective range re are calculated for meson-baryon systems by using Eq.(14) for
different values of renormalization constant Z. The range correction O(1/β) is considered as m−1pi . The values of as and re are
in fm. Binding energies are taken from the results of chapter-??
I(JP ) State Z=0 Z=0.2 Z=0.4 Z=0.5 Z=0.6 Z=0.9 Z=1
as re as re as re as re as re as re as re
3
2
( 1
2
−
) ΣsK
∗ 11.6 1.46 10.47 -1.07 9.06 -5.3 8.22 -8.67 7.25 -13.74 3.3 -89.76 1.46 -
1
2
( 3
2
−
) ΣsK
∗ 7.66 1.46 6.97 -0.09 6.11 -2.67 5.59 -4.74 5 -7.83 2.59 -54.31 1.46 -
3
2
( 3
2
−
) ΣsK
∗ 6.36 1.46 5.81 0.24 5.13 -1.8 4.72 -3.43 4.26 -5.88 2.35 -42.59 1.46 -
1
2
( 5
2
−
) Σ∗sK
∗ 10.24 1.46 9.26 -0.73 8.04 -4.39 7.31 -7.31 6.48 -11.7 3.06 -77.52 1.46 -
3
2
( 1
2
−
) ΣsD
∗ 6.3 1.46 5.76 0.25 5.09 -1.76 4.68 -3.37 4.22 -5.79 2.34 -42.04 1.46 -
1
2
( 3
2
−
) ΣsD
∗ 4.66 1.46 4.31 0.66 3.86 -0.67 3.6 -1.74 3.29 -3.34 2.04 -27.34 1.46 -
3
2
( 3
2
−
) ΣsD
∗ 5.09 1.46 4.69 0.55 4.18 -0.96 3.88 -2.17 3.54 -3.98 2.12 -31.2 1.46 -
1
2
( 5
2
−
) Σ∗sD
∗ 5.43 1.46 4.99 0.47 4.44 -1.19 4.11 -2.51 3.73 -4.5 2.18 -34.29 1.46 -
3
2
( 5
2
−
) Σ∗sD
∗ 4.13 1.46 3.83 0.8 3.46 -0.32 3.24 -1.21 2.99 -2.54 1.95 -22.55 1.46 -
1
2
( 1
2
−
) ΣsB
∗ 3.24 1.46 3.04 1.02 2.8 0.28 2.65 -0.32 2.48 -1.21 1.79 -14.55 1.46 -
3
2
( 1
2
−
) ΣsB
∗ 4.81 1.46 4.44 0.62 3.98 -0.77 3.7 -1.89 3.38 -3.56 2.07 -28.7 1.46 -
1
2
( 3
2
−
) ΣsB
∗ 3.67 1.46 3.43 0.91 3.12 -0.01 2.93 -0.75 2.72 -1.85 1.86 -18.42 1.46 -
3
2
( 3
2
−
) ΣsB
∗ 4.59 1.46 4.24 0.68 3.81 -0.62 3.54 -1.66 3.25 -3.22 2.03 -26.66 1.46 -
1
2
( 5
2
−
) Σ∗sB
∗ 3.78 1.46 3.52 0.88 3.2 -0.08 3 -0.85 2.78 -2.01 1.88 -19.36 1.46 -
3
2
( 5
2
−
) Σ∗sB
∗ 4.3 1.46 3.98 0.75 3.59 -0.43 3.35 -1.38 3.08 -2.79 1.98 -24.07 1.46 -
3
2
( 1
2
−
) ΣcK
∗ 6.67 1.46 6.09 0.16 5.37 -2.01 4.93 -3.74 4.44 -6.35 2.41 -45.39 1.46 -
1
2
( 3
2
−
) ΣcK
∗ 4.89 1.46 4.51 0.6 4.03 -0.83 3.75 -1.97 3.42 -3.68 2.09 -29.41 1.46 -
3
2
( 3
2
−
) ΣcK
∗ 5.47 1.46 5.03 0.46 4.47 -1.21 4.14 -2.55 3.75 -4.56 2.19 -34.65 1.46 -
1
2
( 5
2
−
) Σ∗cK
∗ 5.94 1.46 5.44 0.34 4.82 -1.52 4.45 -3.02 4.02 -5.26 2.28 -38.85 1.46 -
3
2
( 5
2
−
) Σ∗cK
∗ 4.57 1.46 4.22 0.69 3.79 -0.61 3.53 -1.64 3.24 -3.19 2.03 -26.47 1.46 -
3
2
( 1
2
−
) ΣcD
∗ 5.33 1.46 4.9 0.5 4.36 -1.11 4.04 -2.4 3.67 -4.34 2.16 -33.32 1.46 -
1
2
( 3
2
−
) ΣcD
∗ 3.95 1.46 3.67 0.84 3.33 -0.2 3.12 -1.03 2.88 -2.27 1.91 -20.93 1.46 -
3
2
( 3
2
−
) ΣcD
∗ 4.79 1.46 4.42 0.63 3.96 -0.75 3.68 -1.86 3.36 -3.53 2.07 -28.46 1.46 -
1
2
( 5
2
−
) Σ∗cD
∗ 4.46 1.46 4.13 0.71 3.71 -0.54 3.46 -1.54 3.17 -3.03 2.01 -25.51 1.46 -
3
2
( 5
2
−
) Σ∗cD
∗ 4.4 1.46 4.07 0.73 3.67 -0.5 3.42 -1.48 3.14 -2.95 2 -24.99 1.46 -
1
2
( 1
2
−
) ΣcB
∗ 3.07 1.46 2.89 1.06 2.67 0.39 2.53 -0.14 2.38 -0.95 1.75 -12.99 1.46 -
3
2
( 1
2
−
) ΣcB
∗ 4.42 1.46 4.1 0.72 3.68 -0.51 3.44 -1.5 3.16 -2.98 2 -25.21 1.46 -
1
2
( 3
2
−
) ΣcB
∗ 3.33 1.46 3.13 0.99 2.87 0.21 2.71 -0.41 2.53 -1.34 1.8 -15.38 1.46 -
3
2
( 3
2
−
) ΣcB
∗ 4.28 1.46 3.97 0.76 3.58 -0.42 3.34 -1.36 3.07 -2.76 1.97 -23.9 1.46 -
1
2
( 5
2
−
) Σ∗cB
∗ 3.48 1.46 3.26 0.96 2.98 0.12 2.81 -0.56 2.62 -1.57 1.83 -16.71 1.46 -
3
2
( 5
2
−
) Σ∗cB
∗ 4.18 1.46 3.87 0.78 3.5 -0.35 3.27 -1.25 3.01 -2.61 1.96 -22.97 1.46 -
1
2
( 1
2
−
) ΣbK
∗ 3.47 1.46 3.24 0.96 2.97 0.13 2.8 -0.54 2.61 -1.54 1.83 -16.58 1.46 -
3
2
( 1
2
−
) ΣbK
∗ 5.12 1.46 4.71 0.55 4.2 -0.98 3.9 -2.2 3.55 -4.02 2.13 -31.45 1.46 -
1
2
( 3
2
−
) ΣbK
∗ 3.9 1.46 3.63 0.85 3.29 -0.16 3.09 -0.97 2.85 -2.19 1.9 -20.45 1.46 -
3
2
( 3
2
−
) ΣbK
∗ 4.89 1.46 4.51 0.61 4.03 -0.82 3.75 -1.96 3.42 -3.68 2.08 -29.38 1.46 -
1
2
( 5
2
−
) Σ∗bK
∗ 4.15 1.46 3.85 0.79 3.47 -0.33 3.25 -1.22 3 -2.56 1.95 -22.69 1.46 -
3
2
( 5
2
−
) Σ∗bK
∗ 4.73 1.46 4.37 0.64 3.91 -0.72 3.64 -1.81 3.33 -3.44 2.06 -27.95 1.46 -
1
2
( 1
2
−
) ΣbD
∗ 3.11 1.46 2.93 1.05 2.7 0.36 2.56 -0.19 2.41 -1.02 1.76 -13.41 1.46 -
3
2
( 1
2
−
) ΣbD
∗ 4.7 1.46 4.34 0.65 3.89 -0.69 3.62 -1.77 3.31 -3.39 2.05 -27.64 1.46 -
1
2
( 3
2
−
) ΣbD
∗ 3.38 1.46 3.17 0.98 2.9 0.18 2.74 -0.46 2.56 -1.42 1.81 -15.83 1.46 -
3
2
( 3
2
−
) ΣbD
∗ 4.33 1.46 4.01 0.75 3.61 -0.45 3.37 -1.4 3.1 -2.84 1.98 -24.33 1.46 -
1
2
( 5
2
−
) Σ∗bD
∗ 3.54 1.46 3.31 0.94 3.02 0.08 2.85 -0.62 2.65 -1.66 1.84 -17.26 1.46 -
3
2
( 5
2
−
) Σ∗bD
∗ 4.23 1.46 3.92 0.77 3.54 -0.38 3.31 -1.3 3.04 -2.69 1.96 -23.44 1.46 -
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TABLE X: to be continued..
I(JP ) State Z=0 Z=0.2 Z=0.4 Z=0.5 Z=0.6 Z=0.9 Z=1
as re as re as re as re as re as re as re
1
2
( 1
2
−
) ΣbB
∗ 3.01 1.46 2.84 1.07 2.62 0.43 2.49 -0.09 2.35 -0.86 1.74 -12.47 1.46 -
3
2
( 1
2
−
) ΣbB
∗ 4.24 1.46 3.93 0.77 3.54 -0.39 3.31 -1.32 3.05 -2.7 1.97 -23.53 1.46 -
1
2
( 3
2
−
) ΣbB
∗ 3.13 1.46 2.94 1.05 2.71 0.35 2.57 -0.2 2.41 -1.04 1.76 -13.53 1.46 -
3
2
( 3
2
−
) ΣbB
∗ 4.17 1.46 3.87 0.78 3.49 -0.34 3.27 -1.25 3.01 -2.6 1.95 -22.92 1.46 -
1
2
( 5
2
−
) Σ∗bB
∗ 3.2 1.46 3.01 1.03 2.77 0.3 2.62 -0.28 2.46 -1.15 1.78 -14.19 1.46 -
3
2
( 5
2
−
) Σ∗bB
∗ 4.13 1.46 3.83 0.8 3.46 -0.31 3.24 -1.2 2.98 -2.53 1.95 -22.51 1.46 -
1( 1
2
−
) ΞsK
∗ 11.14 1.46 10.07 -0.96 8.72 -4.99 7.92 -8.22 6.99 -13.06 3.22 -85.67 1.46 -
0( 3
2
−
) ΞsK
∗ 5.76 1.46 5.28 0.39 4.69 -1.4 4.33 -2.84 3.92 -4.99 2.24 -37.24 1.46 -
1( 3
2
−
) ΞsK
∗ 8.57 1.46 7.78 -0.32 6.8 -3.28 6.2 -5.65 5.53 -9.2 2.75 -62.54 1.46 -
0( 5
2
−
) ΞsK
∗ 7.25 1.46 6.61 0.01 5.81 -2.4 5.32 -4.33 4.77 -7.22 2.51 -50.66 1.46 -
1( 5
2
−
) ΞsK
∗ 6.82 1.46 6.22 0.12 5.48 -2.11 5.03 -3.89 4.52 -6.57 2.44 -46.74 1.46 -
1( 1
2
−
) ΞsD
∗ 6.59 1.46 6.02 0.18 5.31 -1.96 4.88 -3.67 4.39 -6.23 2.39 -44.71 1.46 -
0( 3
2
−
) ΞsD
∗ 3.88 1.46 3.61 0.86 3.27 -0.15 3.07 -0.95 2.84 -2.16 1.9 -20.29 1.46 -
1( 3
2
−
) ΞsD
∗ 5.99 1.46 5.49 0.33 4.86 -1.56 4.48 -3.07 4.05 -5.33 2.29 -39.29 1.46 -
0( 5
2
−
) ΞsD
∗ 4.4 1.46 4.07 0.73 3.66 -0.49 3.42 -1.47 3.14 -2.94 2 -24.95 1.46 -
1( 5
2
−
) ΞsD
∗ 5.48 1.46 5.04 0.46 4.48 -1.22 4.14 -2.56 3.76 -4.57 2.19 -34.73 1.46 -
0( 1
2
−
) ΞsB
∗ 2.85 1.46 2.69 1.12 2.5 0.54 2.38 0.08 2.25 -0.61 1.71 -10.99 1.46 -
1( 1
2
−
) ΞsB
∗ 5.26 1.46 4.84 0.51 4.31 -1.07 4 -2.34 3.63 -4.24 2.15 -32.74 1.46 -
0( 3
2
−
) ΞsB
∗ 3.18 1.46 2.99 1.03 2.75 0.31 2.61 -0.26 2.45 -1.12 1.77 -14.02 1.46 -
1( 3
2
−
) ΞsB
∗ 5.15 1.46 4.74 0.54 4.23 -0.99 3.92 -2.22 3.57 -4.06 2.13 -31.7 1.46 -
0( 5
2
−
) ΞsB
∗ 3.28 1.46 3.07 1.01 2.82 0.25 2.67 -0.35 2.5 -1.26 1.79 -14.86 1.46 -
1( 5
2
−
) ΞsB
∗ 4.98 1.46 4.59 0.58 4.1 -0.88 3.81 -2.06 3.47 -3.82 2.1 -30.2 1.46 -
1( 1
2
−
) ΞcK
∗ 7.24 1.46 6.59 0.02 5.79 -2.39 5.31 -4.31 4.76 -7.2 2.51 -50.5 1.46 -
0( 3
2
−
) ΞcK
∗ 4.17 1.46 3.87 0.78 3.49 -0.35 3.27 -1.25 3.01 -2.6 1.95 -22.93 1.46 -
1( 3
2
−
) ΞcK
∗ 6.57 1.46 6 0.18 5.29 -1.94 4.87 -3.65 4.38 -6.2 2.39 -44.53 1.46 -
0( 5
2
−
) Ξ∗cK
∗ 4.84 1.46 4.47 0.62 4 -0.79 3.71 -1.92 3.39 -3.61 2.08 -28.95 1.46 -
1( 5
2
−
) Ξ∗cK
∗ 6.12 1.46 5.6 0.3 4.96 -1.64 4.57 -3.2 4.12 -5.53 2.31 -40.47 1.46 -
1( 1
2
−
) ΞcD
∗ 5.9 1.46 5.41 0.35 4.79 -1.5 4.42 -2.97 4 -5.19 2.27 -38.47 1.46 -
0( 3
2
−
) ΞcD
∗ 3.42 1.46 3.2 0.97 2.93 0.16 2.77 -0.5 2.58 -1.48 1.82 -16.16 1.46 -
1( 3
2
−
) ΞcD
∗ 5.6 1.46 5.14 0.43 4.57 -1.3 4.22 -2.68 3.83 -4.75 2.21 -35.8 1.46 -
0( 5
2
−
) Ξ∗cD
∗ 3.76 1.46 3.51 0.89 3.19 -0.07 3 -0.84 2.78 -1.99 1.88 -19.25 1.46 -
1( 5
2
−
) Ξ∗cD
∗ 5.4 1.46 4.96 0.48 4.41 -1.16 4.09 -2.47 3.71 -4.44 2.18 -33.96 1.46 -
0( 1
2
−
) ΞcB
∗ 2.72 1.46 2.58 1.15 2.41 0.62 2.3 0.2 2.18 -0.43 1.69 -9.9 1.46 -
1( 1
2
−
) ΞcB
∗ 4.97 1.46 4.58 0.58 4.1 -0.88 3.8 -2.05 3.47 -3.81 2.1 -30.14 1.46 -
0( 3
2
−
) ΞcB
∗ 2.94 1.46 2.78 1.09 2.57 0.48 2.45 -0.02 2.31 -0.75 1.73 -11.83 1.46 -
1( 3
2
−
) ΞcB
∗ 4.89 1.46 4.51 0.6 4.04 -0.83 3.75 -1.97 3.42 -3.69 2.09 -29.43 1.46 -
0( 5
2
−
) Ξ∗cB
∗ 3.04 1.46 2.86 1.07 2.64 0.41 2.51 -0.11 2.36 -0.9 1.75 -12.71 1.46 -
1( 5
2
−
) Ξ∗cB
∗ 4.83 1.46 4.46 0.62 3.99 -0.78 3.71 -1.91 3.39 -3.59 2.07 -28.86 1.46 -
12
TABLE X: to be continued..
I(JP ) State Z=0 Z=0.2 Z=0.4 Z=0.5 Z=0.6 Z=0.9 Z=1
as re as re as re as re as re as re as re
0( 1
2
−
) ΞbK
∗ 3.08 1.46 2.9 1.06 2.68 0.38 2.54 -0.16 2.39 -0.97 1.76 -13.13 1.46 -
1( 1
2
−
) ΞbK
∗ 5.7 1.46 5.23 0.4 4.64 -1.36 4.29 -2.77 3.88 -4.89 2.23 -36.66 1.46 -
0( 3
2
−
) ΞbK
∗ 3.44 1.46 3.22 0.97 2.94 0.15 2.78 -0.51 2.59 -1.5 1.82 -16.31 1.46 -
1( 3
2
−
) ΞbK
∗ 5.57 1.46 5.11 0.43 4.54 -1.28 4.2 -2.65 3.81 -4.7 2.21 -35.52 1.46 -
0( 1
2
−
) ΞbD
∗ 2.77 1.46 2.62 1.14 2.44 0.59 2.33 0.16 2.21 -0.5 1.7 -10.29 1.46 -
1( 1
2
−
) ΞbD
∗ 5.02 1.46 4.62 0.57 4.13 -0.91 3.83 -2.1 3.5 -3.88 2.11 -30.56 1.46 -
0( 3
2
−
) ΞbD
∗ 2.99 1.46 2.82 1.08 2.61 0.44 2.48 -0.06 2.33 -0.83 1.74 -12.27 1.46 -
1( 3
2
−
) ΞbD
∗ 4.94 1.46 4.55 0.59 4.07 -0.86 3.78 -2.02 3.45 -3.76 2.09 -29.84 1.46 -
0( 1
2
−
) ΞbB
∗ 2.67 1.46 2.53 1.16 2.36 0.66 2.26 0.26 2.15 -0.34 1.68 -9.37 1.46 -
1( 1
2
−
) ΞbB
∗ 4.85 1.46 4.48 0.61 4.01 -0.8 3.72 -1.93 3.4 -3.62 2.08 -29.06 1.46 -
0( 3
2
−
) ΞbB
∗ 2.76 1.46 2.61 1.14 2.43 0.6 2.33 0.17 2.2 -0.48 1.7 -10.2 1.46 -
1( 3
2
−
) ΞbB
∗ 4.82 1.46 4.44 0.62 3.98 -0.77 3.7 -1.89 3.38 -3.57 2.07 -28.72 1.46 -
Appendix A: s-wave OBE potential and net effective
potential
It is interesting to see the s-wave one meson exchange
contribution to the OBE interaction potential, which is
shown in the Fig-6 when effective s-wave OBE, Yukawa-
like screen and net effective potential shown in Fig-7. The
graphs are plotted for all possible isospin-spin channels.
We can see from Fig-6 that in all possible isospin-spin
channels, the s-wave σ-exchange potential is an attractive
in nature while the s-wave ω-exchange is repulsive.
The behavior of s-wave pi-exchange potential is repul-
sive in (I,S)=(1/2, 1/2) and (3/2, 5/2) channels when
it is an attractive in other channels, moreover it seems
relatively strong attractive in (I,S)=(1/2, 5/2) channel.
We can see from the figure that the strength of the s-
wave η and ρ meson exchange are relatively week. How-
ever, the η-exchange is an attractive in (I,S)=(1/2, 1/2),
(3/2, 1/2) and (1/2, 3/2) channels while ρ-exchange is an
attractive in (3/2, 1/2),(1/2, 3/2) and (1/2, 5/2) chan-
nels.
The scalar s-wave δ-exchange (which is also known as
a0-exchange) is attractive in (I,S)=(3/2, 1/2), (3/2, 3/2)
and (3/2, 5/2) channels while its strength is seems rela-
tively weak compared to s-wave σ-exchange.
From Fig-7, we can see the behavior of the net s-wave
OBE potential, Yukawa-like screen potential and net ef-
fective potential in possible isospin-spin channels.
It can be seen from Fig-7 that the strength of the net ef-
fective potential highly influenced by attractive Yukawa-
like potential.
The effective s-wave OBE gets attractive in (I,S)=(1/2,
5/2), (1/2, 3/2) and (3/2, 1/2) channels, in which (1/2,
5/2) channel get more attractive depth than (1/2, 3/2)
channel while channel (3/2, 1/2) being the weakest at-
tractive channel.
However, these attractive channels of s-wave OBE get
depth around 4-6 fm.
Thus, even pure s-wave OBE have a possibilities of
shallow bound states in these particular channels.
Moreover, the attractive Yukawa-like potential have
shown high impact on net effective interaction potential
which reflect in the calculated results.
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FIG. 6: The characteristic nature of the individual s-wave meson exchange potential, in a respective isospin-spin
channels. The graphs are plotted for the Σs,c,b −D∗ systems. These graphs can be consider as generalize plots to
understand the behavior of the potentials in respective isospin-spin channels for other systems, as the similar nature
have been found in different meson-baryon systems with small scaling.
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FIG. 6: to be continued..
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FIG. 6: to be continued..
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FIG. 7: The contributory nature of the s-wave OBE potential (Vobe), Yukawa-like screen potential (Vy) and net
effective potential(Veff = Vobe + Vy) in a respective isospin-spin channels are shown. The graphs are plotted for
the Σs,c,b −D∗ systems. These graphs can be consider as generalize plots to understand the behavior of the
potentials in respective isospin-spin channels for other systems, as the similar nature have been found in different
meson-baryon systems with small scaling.
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FIG. 7: to be continued..
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FIG. 7: to be continued..
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